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PRELIMINA R Y AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-captioned application as follows: 



IN THE CLAIMS: 

Kindly cancel claims 1-9, all of the claims, and insert news claims 10-17. 

10. (New) A method for obtaining, during the manufacture of a dairy product 
selected from the group comprising cheeses and fermented dairy products, an acidification 
kinetic which is substantially independent of the content of the milk in terms of its 
constituents, in which there is incorporated with the milk at least one strain of 
Sterptococcus thermophilus which is at least partially incapable of hydrolyzing urea. 
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11. (New) The method according to claim 10, in which the acidification kinetic 
is substantially independent of the urea content of the milk. 

12. (New) The method according to claim 10, in which the acidification kinetic 
of the milk is substantially independent of the nickel or cobalt content of the milk. 

13. (New) The method according to claim 10, in which the acidification kinetic 
of the milk does not exhibit any temporary slowing down. 

14. (New) A method according to claim 10, in which there is incorporated with 
the milk at least one mutant strain of Streptococcus thermophilus which is at least partially 
incapable of hydrolyzing urea, at a seeding rate lower than the seeding rate used for the 
parent strain of Streptococcus thermophilus capable of hydrolyzing urea. 

15. (New) A method according to claim 10, in which the Streptococcus 
thermophilus strain is the strain 298-K rgistered at the CNCM under number 1-2311. 

16. (New) The method according to claim 10, in which the Streptococcus 
thermophilus strain is the strain 298-10 registered at the CNCM under the number 1-2312. 
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17. (New) The method of selecting Streptococcus thermophilus strains useful 
during the manufacture of a dairy product selected from the group comprising cheeses and 
fermented dairy products, comprising: 

- comparing the acidification kinetic of the milk in the presence of a mutant strain of 
Streptococcus thermophilus to be tested, which is at least partially, preferably totally, 
incapable of hydrolyzing urea, making it possible to obtain an acidification kinetic which is 
substantially independent of the content of the milk in terms of its constituents, 

with the acidification kinetic of the milk in the presence of a parent strain of the mutant 
strain; and 

- selecting the mutant strains of Streptococcus thermophilus capable of acidifying a milk 
according to acidification kinetics which are variable compared with the acidification 
kinetics of the parent strains. 
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REMARKS 

Entry of the foregoing amendment(s) is respectfully requested. 
The clainas have been amended to eliminate multiple dependency and to place them 
in better condition for U.S. patent practice. 

Should the Examiner have any questions concerning the subject application, a 
telephone call to the undersigned would be appreciated. 

Respectfully submitted. 

Burns, Doane, Swecker & Mathis, L.L.P. 




By: r/%/{ca?rj 



Teresa Stanek Rea 
Registration No. 30,427 
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P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



Date: March 15, 2002 
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USE OF STRAINS OF STREPTOCOCCUS THERMOPHILUS WHICH ARB, 
INCAPABLE OF HYDROLYZING UREA IN DAIRY PRODUCTS 

The present invention relates to controlling the acidification 
kinetic of milk during the manufacture of cheeses or fermented 
milks such as yoghurts, through the use of Streptococcus 
nhGjrmopIillus bacteria which are at least partially/ preferably 
totally/ incapable of hydrolyzing urea. 

Streptococcus thermophilus is a thermophilic lactic bacterium 
used as a lactic ferment in the dairy industry. Used first of 
all for the manufacture of fermented milks such as yoghurt, it 
is now increasingly used in cheese production. 

This bacterium converts lactose into lactic acid, and through 
this has an acidifying activity. In the case of cheeses 
notably, this acidification not only encourages the action of 
the rennet and the synaeresis of the curds but also inhibits 
the growth of many undesirable bacteria , certain of which are 
pathogenic bacteria, and even allows their elimination at a 
greater or lesser speed. 

The acidifying activity of this bacterium is however 
accompanied by a urea hydrolysis activity, an activity that 
affects the acidification kinetic, Tinson et al (i9S2a) 
showed that the urea hydrolysis reaction, giving carbon 
dioxide and ammonia, resulted in a temporary decrease in the 
acidification speed, measured by means of a pH probe. The 
authors of this article conclude therefrom that the changes in 
pH cannot be used to measure the lactic acid production in 
therwophilus cultures, since the results that would be 
obtained would be erroneous owing to the production of 
ammonia. Furthermore/ Spinnier and Corrieu in 1989 observed 
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that the addition of urea led to a drop in cine acidification 
speed - 

On an industrial scale ^ the hydrolysis of urea by 
Stjreptococcus thexmophilus poses a number of problems. 

This is because^ in cheese roanuf acturing for example, the 
xechnological operations (cutting of the ciirds , stirring^ 
etc.) must take place at given values of pH, but in practice 
these operations are generally carried out at predetermined 
titles. Therefore the variations in acidifying activity due to 
urea hydrolysis lead to defects and significant variability in 
the cheeses (texture, moisture level, ripening) . Martin et al 
(1997) thus observed that the vajriations in urea content 
caused changes in the acidification kinetics and in the 
texture of Reblochon type clieeses^ confirming tiie results 
obtained by Spinnier and Corrieu (1989) • 

Moreover, the production of ammonia increases the time 
necessary to reach a given pH. This results in the equipment 
being tied up for longer and in an increase in the risk of 
contamination by undesirable micro-organisms . 

Furthermore, it is desirable that the cheese-making whey does 
not contain an excessive amount of ammonia, since this whey is 
often used in animal feed. 

This phenomenon is difficult to control, notably since the 
urea content of milk is variable (generally from 2 to B mM) 
and depends in particular on the feeding of the livestock- To 
overcome this problem, Martin et al (1997) proposed measuring 
the urea content of the milk and then adapting the 
manufacturing parameters. However, the use of such a urea 
quantitative analysis system would be highly constraining, and 
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would not in any case resolve the drawbacks due to slowing 
down of the acidification speed in the presence of urea 
(equipment: tied up for a longer tiTne, increase in the risks of 
contamination, etc-) and to a high ammonia content of the 
whey . 

The authors of the present invention have revealed that the 
use of Strep cococcusr thejcmophilus strains not, or not totally, 
hydrolyzing urea, as lactic ferments in the production of 
dairy products, made it possible to solve the aforementioned 
problems. These strains are designated ^^^urC-) strains" in the 
remainder of this application • 

Until now, the only ur{-) Streptococcus tJj^rmaphlliis strains 
described are the CiJRZ 407 strain (Juilliard et al, 1988) and 
the mutant strain isolated by Tinson et al (1982b) . However, 
the information known relating to these two strains does not 
allow the technological importance of ur(-) strains to be 
realized. 

One object of the present invention is therefore the use of at 
least one strain of Streptocoocus therTraophilus which is at 
least partially, preferably totally, incapable of hydrolyzing 
urea, during the manufacture of cheeses or fermented dairy 
products such as yoghurts, in order to obtain an acidification 
kinetic which is sxxbstantially independent of the content of 
the milk in terms of its constituents. 

Within the context of the present invention, ^''the 
acidification kinetic" means the variation in pH of the 
fermentation medium as a function of time. 

'^Content of the milk in terms of its constituents'* means in 
particular the urea content of the milk, which differs from 
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one milk to another, depending on the origin of the animal or 
its feed- It eilso means the content of the millc in terms of 
other constituents which, are involved in the metabolism of 
urea. Amongst these constituents can be cited for example 
nickel or cobalt. These Constituents may be present naturally 
in the raw material used (the milk) or may have been added.. 

Another object of the invention is a method for obtaining, 
during the manufacture of cheeses or fermented dairy products 
such as yoghurts, an acidification kinetic which is 
substantially independent of the content of the milk in terms | 
of its constituents, in which there is incorporated with the 
milk at lea.sc one strain of Streptococcus -th^rmaplixlus which 
is at: least partially, preferably totally, incapable of 
hydrolyzing urea. 

The urC-) Streptococcus th&rmophxlns strains used in 
accordance with the present invention can be obtained by a 
mutagenic treatment or by spontaneous mutation, or also be 
isolated in nature - 

The strains 298'-K and 298-10, which are respectively a 
spontaneous mutant and a mutant obtained after mutagenic 
treatment, were registered at the CNCM on 14 Septeiriber 1999 
under the numbers 1-2311 and 1-2312, respectively. 

Any ur(-) sbrain cultured according to the protocol of' Tinson ' ^ 

et al (19S2b) , or preferably according to the protocol 
described in Example I, can also be used. 

The ur(-) Streptococcus thermopiiilus strains can be used alone 
or in a mixture with other micro-organisms such as lactococci, 
lactobacilli, or any other micro-organism usable in the dairy 
industry. 




The authors of the present invention have shown that the 
importance of the ur(-) Screptococcus tJierrnophilus strains , is 
multif aceted. In fact, they have revealed that the iirC-) 
TOu.tan.ts make it possible not only to have control over the 
variations in acidification kinetics, but that they are 
moreover stable and exhibit good growth in milk. 

Furthermore/ the ur(-) strains make it possible to obtain 
acidification kinetics of milk which are regular, do not 
exhibit any temporary slowing down, and are a function of the 
urea concentration, lonlike the kinetics observed with the 
ur( + ) s trains - 

The ur(-) strains do not produce ammonia during their growth 
in milk, which is advantageous from the point of view of using 
the whey in animal feed. 

Finally, the strains selected for their ur(-) phenotype 
surprisingly have variable acidifying characteristics, 
compared with the acidification kinetics observed with the 
parent strains . 

"'Variable acidification kinetic" means an acidification 
kinetic which is for example faster or slower compared with 
the acidification kinetics observed with the parent strains . 
^'Heterogeneity'' between the acidification kinetics of the 
different ur{-) mutants with regard to the parent strains can 
also be spoken of* 

Another object of the invention is therefore a method of 
selecting 3t:rept,ocacc\is t±Lerinophllus strains useful during the 
manufacture of cheeses or fermented dairy products, in which 
mutant strains of Streptococcus thBrmophllus which are at 
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least partially, preferably totally, incapable of hydrolyzing 
urea, allowing an acidification kinetic to be obtained which 
is substantially independent of the content of the milk in 
terms of its constituents, are selected for their ability to 
acidify a milk according to acidification, kinetics which are 
Variable compared with the acidification kinetics of tJne J 
parent strains. 

In genexal terms, the choice of the acidifying properties of 
Che ur{-) strains can be made as a function of the cheese or 
fermented milk manufacturing technology for which these 
strains are used. 

Thus, certain ur(-) strains are characterised more 
particularly by an absence of the - post-acidification 
phenomenon - 

For other strains, the time necessary to reach a given pH 

proves to be shorter than for the parent ur(+) strains. Thus, ^ 

this property makes it possible to seed the milk with a ur{-) 

mutant strain at a rate lower than the rate generally used for 

the parent ur( + ) strain- This rate can be around 25%, perhaps 

even around 50% lower compared with the rate that would be 

used for the parent strain. 

One object of the present invention is therefore a method 
according to the invention, in which there is incorporated 
with the milk at least one mutant strain of SZreptiocaccus 
thexmophllus which is at least partially, preferably totally, 
incapable of hydrolyzing urea, at a seeding rate lower than 
the seeding rate used for the parent strain of Streptococcus j 
thermophllus capable of hydrolyzing urea. I 

- * 
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The figures and examples below illustrate the invention \ 
without limiting the scope thereof. 

I.EGEMD FOR THE FIGURES: 

Figure 1 depicts acidification cux^es for reconstituted 
Skimmed milk, obtained with the ur('^) strain RD298 and with 
the spontaneous ur{--) mutants (Figure lA) or those obtained 
after treatment with NTG (Figure IB) . 

Figure 2 depicts the acidification curves for reconstituted 
skimmed milk^ obtained with the strain ST688 and with the 
spontaneous ur(-) mutants (Figure 2A) or those obtained after 
treatment with NTG (Figure 2B) , 

Figure 3 depicts the acidification curves for UHT skimmed 
milk, obtained with the strain RD298 and with the spontaneous 
ur(-) mutants (Figure 3A) or those obtained after treatment 
with NTG (Figure 3B) . 

Figure 4 depicts acidification curves for UHT skimmed milk, 
obtained with the strain ST888 and with the spontaneous ur(-') 
mutants (Figure 4A) or those obtained after treatment with NTG 
(Figure 4B) - 

Figure 5 depicts, the acidification cuirves obtained with the 
strain RD29a (Figure 5A) and the ur(-) mutants RD298-K (Figure 
5B) and RD2 98-10 (Figure 5C) , on UHT skimmed milk supplemented 
with different amounts of urea, ^ 

Figure 6 depicts the acidification curves obtained with the \ 
strain lRb298 (Figure 6A) and the ur(-> mutants RD298-K (Figure 
6B) and RD298-10 (Figure €C) , on UHT skimmed milk supplemented 
or not with nickel (10 jxg/l of NiS04.7H20) . 
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Figure 7 depicts the acidification curves obtained with the 
strain RD672 and ur(-) mutants originating from this strain, 
on reconstituted skimmed milk. 

Example l ; 

Method of culturing ur(-) bacteria on Petri dishes. 

An agar^based medium whose composition is shown in Table 1 is 
prepared and poured into Petri dishes of diameter ecpaal to 9 
cm. 

Table 1 ; Composition of the culture medium. 



Tryptone^ 2-5 g 

Pepsic meat peptone* 2.5 g 

Papainic soya peptone^ 5 g 

Autolytic yeast e^ctract^ 2.5 g 

Meat e^ctract^ 5 g 

Sugar (glucose, lactose or saccharose) 5 g 

Sodium glycerophosphate^ 6H3O 19 g 

Magnesium sulphate 0.25 g 

Ascorbic acid 0 . 5 g 

Agar 15 g 

Distilled water 1 litre 



*: Blokar company 

^: Fischer Scientific company 

If need be, a cof actor of urease can be added to this medium. 
Adjust the pH to 7.0 and autoclave for 15 minutes at 115*c. 
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Th-e St. thexmophllus cells to be analyased are seeded on this 
medium so as to obtain around 100 colonies per Petri' dish.. 
Tlie cultures take place under anaerobic conditions at a 
tempearature of 35-45*C, preferably 37-42 ^'C. 

After two days of culture^ there is poured over eacljx Petri 

dish around 2 0 ml of an agar-based solution prepare<& as 

I 

follows: dissolve by heating 15 g of agar in 1 litre of a 
potassium phosphate buff er solution at 50 mM (pH 6)1 
supplemented with 100 mg/l of bromothymol blue, coojl the 
solution to 50 *C, add 10 g of urea and acidify the jmedium with 
hydrochloric acid until a yellowish -orange colour i's obtained. 



After solidification of the agar, the Petri dishes jare 
incubated fox 1 hour at 37*C. The ur(+) clones form blue- 



whereas the 
mutants are 



coloured halos owing to the production of ammonia, 
ur(-) clones form yellow colonies. When the ur(-) 
sought, the clones not forming a blue halo are recovered and 
tested again on the same culture medium in order to confirm 
the ur(-) characteristic. It should also be verifjied that 
these mutants do not consume urea (or consume it c^nly 
partially) when they are cultured in milk. 

Example 2 : 

i 

Selection of mutants for the metabolism of urea. \ 

j 

Mutancs not consuming urea/ or consuming it slighjily, were 
sought from the RD298, RD672 and ST888 strains ofj Si:, 
thermophllus . Two approaches were used. In the jfirst 
approach, the mutants were sought after treatmentj with a 
mutagenic agent, while in the second approach, . si?ontaneous 
mutants were sought. 
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a) Selection by means of a mutagenic agent 

The mutagenic treatment is carr-ied out as described below. 

The strains are cultured at 42° C in 5 ml of M17 culture medium 
(Terzaghi and sandine, 1975) . The culture is stopped at the 
end of the exponential phase, and the cells are recovered by 
centrifuging and then washed with 10 0 mM (pH 7) phosphate 
buffer. The cells are next recovered in 1 ml of buffer 
containing a variable content of N-methyl'-N' -nitro-N- 
nitrosoguanidine (NTG) and incubated for 1 hour at 42 '"C. The 
cells are next washed twice with 5 ml of buffer and seeded on 
the culture medium so as to obtain around 100 colonies per 
Petri dish. The culture is carried out as described 
previously (Example 1) . Table 2 describes the results 
obtained during 3 mutageneses. 



Table 2 : Selection of ur{-) mutants after treatment with a 
mutagenic agent (NTG) . 



SC. 


NTG 


Viability 


Number 


Number 


Proportion 


thBrmophl i us 


concentration 


(% of 


o£ 


of ur{") 


of urC) 


strain 


used (p.g/ml) 


cells 


colonies 


clones 


clones (%) 






having 


cultured 


obtained 








survived 












the NTG) 








STBS 8 


20 


10 


980 


11 


1.1 


STB 8 8 


5 


48 


1000 


5 


0,5 


RD672 


50 


41 


10600 


41 


0.4 


RD2 98 


50 


16 


3200 


15 


0.5 



b) Selection of spontaneous mutants 
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::::r d the^res not aHo^ the ana^sls of 

■es o£ St thex^ophilus per di.h, the selection of ^ 
colonies of «^ ^^^^ ^^^^^^^ ^„ unfeasible. 

r-"":. b/en n^cessar. to ^^^^^^^^^ 
._and .erha.^^^^^^^^^^^^^^ 

^r,:: r of t. .esen. i^^ion ^o;- 

_ the .t. ther«,philus cultures y^J^^^^^^^ , 



: - r r: tt; r t ther. ore ^ 

:rssre\:rsir. iriartrs t;.e of .tant .ah. 

. « 3. selection of spontaneous ur(-) t,utants. The protocol 

^^'t^e si™. - ^' 

rlans of a ^.tagenic agent-, except that the mutagenic 

agent is omitted. 
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tJtiejrmophl lus 
strain 



ST88a 



RI3296 



X2 



i Ol O B 3 3: Ei; G Oi 6 A M 



ISTutnber o£ 
colonies 



Number of 

ur(-) clones 
obtained 



16000 



7400 



Piropoartion o£ 
ur(-) clones 
(%) 



0 . 04 




0.08 



^^Mf^ic^ci The results 
acidifying behaviour o£ ehese mu^nt. 



Properties of the ur(-) mutants- 
a) -j^V^y the mutants 

able 1.0 be ueable in an industrial context, the 
in order to be able to oe existed as 

Ke. Stable. However, no data exist 
u^C-) mutants must be stable. thermopiuilus. 

^ rv.^ stability of ur(-) mutants of St. t/ierm p 
regards the stab. Y ^^^^^^^ ^^^^..^ stability of 

..e author. S.B8S, HBSV. and 

" .^cultured daily in 10 ml of 

TtL medi™ .0 days. .he cultures .ere inoculated at 
. culture me xhe s« of 20 subcultures 

1% and incubated at 42 c, subculture, 
represents around 130 ^-""-"-^ ^^Z. deter.in.d w.etber 
.be strains vere seeded ^ ^^^^ . .be 

or not tbev consumed ur^a (culture ^^^^^ ^^^^ 

,^^11-1 r 5 are shovrn m Table 4. xu 
results are obtained by a mutagenic 

mutants, whether. they a stable. In 

. »T,r or are spontaneous mutants, are hxgn±y 
treatment or are P detected for the 47 mutants 

fact, only two reversions were detected t 

tested - 
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Table 4 : Study of the stability of the ur(-) mutants. Th.e 
urea consujnption was tested during cultures on milk, after 20 
successive subcultures in Ml7 culture medium. 



SC. 

tzh ermapbl lus 
strain 


Mutation 


NuTtibeir of 
ur<-) mutants 

tested 


Numbeir of mutiants 
consuming urea after 

2 0 subcultures 


SX388 


NTG 


6 


1 - 


ST888 


Spontaneous 


6 


0 


RD298 


NTG 


5 


0 


RD298 


Spontaneous . 


6 


0 


RD672 


NTG 


19 


0 


RD672 


Spontaneous 


5 


1 


ToCal 


/ 


47 


2 



b) Enzymatic characterisation of the mutants 

The strains studied were cultured for 24 hours, under 
anaerobic conditions and at 37 in a liquid culture medium 
whose composition is shown in Table 5- The cells were 
recovered by centrifuging, washed in buffer (HEPES 50 mM - 
EDTA 1 mM, pH 7.5) , and then recovered in a volume of buffer 
representing 2% of the volume of the culture. The ureasic 
activity was then measured on acellular extracts (treatment of 
the cells in a ball mill and recovery of the supernatant from 
centrifuging for 5 minutes at 20,000 g) . 

Table 5 = Composition of the culture medium used for preparing 
the extracts . 



Tryptone^ 

Autolytic yeast extract^ 



10 g 
5 g 
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Sodi^atn glycerophosphate. 6H.b 19 3 

500 rag 

Ascorbic acio 
Magnesium sulphate 
Nickel sulphate - 7HzO 
Glucose 

Distilled water 



250 mg 

10 mg 

10 g 
1 litre 



Blokar company 

Fischer Scientific cornpajiy 



.a.ust the pH to 7.0 ana autoclave for IS minutes at llS^C 

T^e ureasic activity measurements were carried out at 37-C, in 
r^^Ho ^ - EDT. X CPH 7.S) huffer. reactxon .s 

red bV the addition of 25 mM of urea, and the ammonxa 
triggered by . ^^^^ quantitatively, using 

produced in are expressed in units (.) of. 

rr irXlone unit corresponds to one micromole of 
alonia produced per minute) .per milligram of prote.n. 

.able S Shows the activity values obtained The ;^<-> 
aid not exhibit any detectable ureasic ^--^ ^^^^^ 
..ception of the mutants -B-3.17 a d -^^^^^ 
correspond to mutants havxng a ur(-.) phen yp 
of niclcel and a ur(-) phenotype in the absence of thxs 
" nd r^ow the culture medium used for preparing the 

compound. Now, tne «„-.^Viate In these two 

.cellular extracts contained nxc.el -^P^^^ ...nsport 
strains, the mutation probably focuses on ^^^J^^ 
system or the system allowing its incorporation xnto 
active site of the urease. 

St tUermophilus could also exhibit a ur(-) 
These strains of sc. xjjej^iii^j^'-^ encv. 

r .^e on account of an inability to transport urea. Such 
phenotype on accoi-uiu. 
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starains would therefore* always possess measurable ureasic: 
activit-y in acellular extracts . 



Table € : Measurement of the ureaeic activity of acellular 
extracts obtained from the parent strains and from the ur(-) 
mutants , 



Parent: 




Ureas ic 


Parent 


trreasic 


Parent 




Urea sic 


strain 




activity 


strain 


activicy 


strain 




activity 


Mutant 




(U/mg; 


Mutaxit: 


f TT /l n j-_r \ 


Mutant 




(IT/mg) 












O X o o o 




U - 7 D 












R O fi — Zi 




KI Ti 


O O ft — V 




IN • > 






fl ft ft 




vr r> 
IN - U . 


9 Q R — T 
^ 7 O ' X 






S79 - i^A f O ^ 


XN • 1./ - 


o w a w 






2 93 - J 




N . D , 


672-19 f 0^ 


"N D 


W O O J-/ 






298-Ij 




N-D- 


672-31 (0) 


N-D. 


888-1 




N - D - 


298-M 






672-59 (50) 


N.D. 


888-2 




N.D. 


298-N 




N-D. 


672-62 (50) 


N.D- 


888-2 , 


6 


N.D, 


298-3 - 


9 


W -D , 


672-61 (50) 


N-D, 


BB8-2 . 


11 


N.D. 


298-3 - 


3 


N.D. 


672-33 (50) 


N.D. 


88S-2 , 


9 


N.D. 


298-3. 


16 


N,D. 


672-55 (50) 


N.D. 


888-1 . 


13 


N.D. 


298-3 . 


17 


0.58 


672-53 (50) 


N.D. 


888-1 . 


8 


N-D. 








672-70 (50) 


N.D. 


888-1. 


5 


0 .42 








672-20 (50) 


N.D. 














672-50 (50) 


N.D. 














672-34 (50) 


N.D. 














672-22 (50) 


N.D. 














672-24(50) 


N.D. 














672-10 (50) 


N.D. 














672-36 (50) 


N.D- 














672-60 (50) 


N.D. 














672-21 (50) 


M-D. 
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672-27(50) N.D. 
672-26(50) N.D. 
672-41(50) N.D. 



"n.D. Not D^ected 



c) ,--^^^7^--° beha^-ionr of t:he mutants 

\, ^r,«rrate the technological importance of the 

parent strains. 

The following results were observed: 

^^«^T,e the ur(-) mutants do not eadnibit 
the parent strains, tne uirv j ^ ^ 

- ^^^^^^ ^'^^ ^ acidification speed due to 

^ temporary slowing down of the acxdxnca 
a tetnpora y acidification curves are 

hydrolysis of the urea; their acxdxri 

therefore more regular; 

^ine.ic. of acidificcion o£ ..he ™il.c by ^he ur(^) 

- tne i^ii =-F-F*=»cted by the urea, 

^nutants are little affected or not affected y 

nickel and cobalt contents,- 

acidifying ,=.ivitieB of the parent strains,. 

f fh. results obtained is shown bslow. The 
, . p.e=.it..e carried out on 

"iUTeconstitutea s.i^d .iX., then cultured at 3,.c. 

. cultures in reconstituted sJcimzned millc.- 
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T^e wa. recoxxstituted at 1-00 g/1 and pasteurized fox 10 

miniites Sit. 90 °C, 

After around 2 hours of culcure, a rise iix pH in che culture 
of the strain RD298 is observed (Fi3ure_l) - The 6 spontao^eous 
mutants have a very regular acidification curve, wirn no pH 
rise nor temporary slowing down of the acidification speed. 
At certain times in the culture, the shift in acidification 
compared with the parent strain reaches almost 4 hours. Thxs 
therefore allov^s a given value of pH to be reached more 
quickly. The importance of this observation is major: if :Lt 
is wished to reach a given pH without reducing the incubatxon 
time a ur(-) strain car. be used, reducing the amount of 
seeding compared with the amount used with a ur(-^) strain.- 
certain of the mutants obcained after treatment with NTG have 
a behaviour similar to the spontaneous mutants; others ac:Ldxfy 
the medium more slowly (298-3-3) or more quickly (29B-10) . 

With the exception of the ntutant 888-1, the ur(-) spontaneous 
mutants of STS88 have the same acidification curve. As for 
RI3298, a more regular and faster acidification is observed 
with the mutants (Fioure 2) . 

- cultures in UHT sizerilizsd skiaimed milk fl,actel®j : 

AS for the cultures carried out in reconstituted milk, a 
temporary halt in the lowering of the pH is observed with the 
strain RD298, this phenomenon being absent in the cultures of 
the spontaneous ur(-) mutants ( Figure 3 ) . 

The ur(-) mutants isolated from ST888, whet^her they are 
spontaneous or obtained by treatment with NTG, have an 
acidification curve more regular than that of the parent 
Strain (Figure 4) . 
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- Effect of vsLrla.tions in the camposition of the milk an the 
a.c±d±fica.clon cujsrves: 

Tine sfcarain and tlie ur ( - ) mutants 29fi--K and 298-10, were 

cultured on UHT sterilized skitnmed milJc supplemented or not 
with different amounts of urea. The initial urea 
concentration of the millt was equal to 3 mM and the urea 
contents of the different cultures were contained within the 
variation zones that are usually observed with cow's milk. It 
should be noted that, unlike the ur(-) mutants, the 
acidification curves obtained with the parent strain are 
highly dependent on the urea content of the milk ( Figure 5 ) . 

The authors of the present invention also observed that the 
acidification curves obtained with the parent strain are 
dependent on the nickel and cobalt content of the milk, which 
is not the case for the urC-) mutants ( Figure 6 ) . 

- Ammonia production: 

In all Che cultures described previously^ it was observed that 
the strains RD2 98 and ST888 produced ammonia and hydrolyzed 
all the urea contained in the milk. No ammonia production was 
observed with the mutants - This indicates that urea is the 
main substrate used by St, th&xmophilus for producing ammonia. 
Thus the use of ur(-) strains makes it possible to avoid any 
ammonia production due to St- thermophilus during cheese 
manufacture- Consequently, the ^.mmonia contents of cheese- 
making wheys can be limited. 



- VariaJbility of the a.c±dify±ng activities : 




ON 
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The authors of the present invention observed interestingly 
that the curves of acidification in reconstituted skimmed milk 
obtained with a number of ur ( - ) mutant strains had large 
variations compared with the curve obtained with their parent 
stra-in , 



Figure 7 thus shows the acidification curves for reconstituted 
skimmed milk, obtained with the strain RD672, and with ur(-) 
mutants originating from this strain. 

The strain RD672 is not very acidifying (solubilized soft 
cheese type technology). The mutant 672-47(0) is distinctly 
more acidifying than the parent strain, while the mutant 612- 
36(50) has a fairly similar acidification kinetic. The mutant 
672-70(0) is distinctly less acidifying than the parent strain 
and the mutant 672-24(50) is a little less- acidifying than the 
parent strain . 

Example 4 ; 

Majnufacture of "solubilized soft cheese" type cheeses using 
either the ur(+) industrial strain RD298 or the ur(-) mutant 
strain " 298-10 (a mutant of RD298) . 

a) General points 

Under the generic name cheese, there is found a very large 
number of products^ having a technology/ a flora and 
organoleptic properties which are very diverse. 



Technologically speaking, cheese results in the first place 
from the coagulation of milk obtained by renneting, which will 
be followed by draining of the coagulum thus obtained 
(mechanical operations such as cutting, stirring and turning) . 
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During manuf actu-re, the growth of rhe added ferments will 
cause a lowering of the pH of the coagulum. The acidification 
kinetic (the change in pH as a fionction of time) and the 
dzrainage kinetic condition the final composition of the curds 
and therefore ttie intrinsic characteristics of the cheeses . . 
This is why, for a given technology, having control over the 
acidification and drainage kinetics is essential. 

b) Specific features of the "solubilized soft cheese^' ' 
technology used- 

The manufacture of "'solubilized soft cheese" type cheeses 
corresponds to the use of a technology with enzymatic 
dominance (important function of the rennet) with specific 
manufacturing temperature profiles, such as that described in 
Table 7. 



The conduct of the draining is characterised by: 

- considerable acidification at the start of the method which 
conditions the draining level. The acidification is provided 
by Streptococcus ther/nqphilus: the target pHs to be reached at 
the different manufacturing stages are summarized in Table 7; 

' fast removal of t.he whey increased by mechanical operations 
(cutting, stirring and moulding of the coagulum) ; 

- operations facilitating the removal of the whey (turning) . 
c) Monitoring of the cheese manufacturing 

Table 7 summarises the different technological steps of the 
manufacturing carried out and shows the process times which 
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were necessary in each test to reacfcl Che target pHs of each of 
these steps > 

Two distinct milks were used, one containing less than 1 mM of 
uarea sind t:h.e other S toM of urea. The feannents used consisted 
either of the industrial strain RD298 known for its ability to 
hydrolyze urea, ur(H-), or the strain 298-10, a spontaneous 
mutant of this strain lacking tiiis xirea tiydrolysis ability, 
ar(-). 

Monitoring the acidification of the milk containing a very 
small amount of urea (less than 1 mM) shows that the two 
strains used allow the target pHs of each step to be reached | 
in approximately identical " times . Similarly, these objectives 
are achieved with the ur(~) strain 2 98-10 when the 
manufacturing milk contains significant amounts of urea (5 
mM) , On the contrary, in order to meet the target 
manufacturing pHs with the strain RD2 98 in the milk containing 
5 mM of urea, the process times have liad to be considerably 
lengthened. 

This study therefore demonstrates the certain teciinological. 
advantage of the ur(-) mutant 298-10 compared with the ur( + ) 
industrial mother strain RD2 9S. 

i 
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1. Use of at least one strain of Streptococcus t±texwoph±lu3 
which is at least partially, preferably totally, incapable of 
HydarolyzirLg "urrea, during the manufacture of cheeses or 
fermented dairy products such as yoghurts, in order to obtain 
an acidification kinetic which is substantially independent of 
the content of the milk in terms of its constituents. 

2- Use according to claim 1, in which the acidification 
kinetic is substantially independent of the urea content of 
the milk. 

3. Use according to Claim 1, in which the acidification 
kinetic of the milk is substantially independent of the nickel 
or cobalt content of the milk. 

4. Use according to one of the preceding claims, in which the 
acidification kinetic of the milk does not exhibit any 
temporary slowing down, 

5. Use according to any one of the preceding claims, in which 
the Streptococcus thermophilus strain is the strain 298-K 
registered at the CNCM under the number 1-2311. 

6. Use according to any one of Claims 1 to 4, in which the 
Streptococcus t^hermophilus strain is the strain 2 98-10 
registered at the CHCM under the number 1-2312. 

7. Method for obtaining, during the manufacture of cheeses or 
fermented dairy products such as yoghurts, an acidification 
kinetic which is substantially independent of the content of 
the milk in terms of its constituents, in which there is 
incorporated with the milk at least one strain of 
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streptococcus thez-mopiiilus which XS at least part-ially, 
preferably totally, incapable of hydrolyzing urea. 

3, Met-tiod according to Claim 7, in wtiich there is 
incoxpor-atzed with the milk at least one mutant strain of 
Streptococcus tiierniopJiilus which is at least partially, 
preferably totally, incapable of hydrolyzing urea, at a 
seeding rate lower than the seeding rate used for the parent 
strain of Strepizococcus zhermophilus capable of hydrolyzing 
urea. 



9. Method of selecting StrGpZoaoaaus thermophxlus strains 
useful during the manufacture of cheeses or fermented dairy 
products, comprising: 

- comparison of the acidification kinetic of the milk in the 
presence of a mutant strain of Streptococcus fchermophilus to 
be tested^ which is at least partially^ preferably totally^ 
incapable of hydrolyzing urea, making it possible to obtain an 
acidification kinetic which is substantially independent of 
the content of the milk in terms of its constituents, 

with the acidification kinetic of the milk in the presence of 
a parent strain of the mutant strain; 

- selection of mutant strains of Streptococcus tJzerjnophilus 
capable of acidifying a milk according to acidification 
kinetics which are variaible compared with the acidification 
kinetics of the parent strains. 
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Captions for figures 

All figures 
TEMPS = TIME 

Figs SA-bC 
uree «= urea 

Figs 5A-5C, 6A-6C 
Temoin = Reference 

Figs 6A-6C 
Nickel = Nickel 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY PATENT APPLICATION 



Anomey's Docket No, 



As a below-named inventoi, I herel)y declare that: 

My residence, post office address and citizenship are as stated below next to my nanie; 

I BELIEVE I AM THE ORIGINAL, FIRST AND SOLE INVENTOR (if only one name is listed below) OR AN 
ORIGINAL, FIRST .AND JOINT INVENTOR (if more than one name is listed below) OF THE SUBJECT MATTER 
WHICH IS CLAIMED AND FOR WSICU A PATENT IS SOUGHT ON THE INVENTION ENHTLED: 

"Use of strains of streptococcus tbermophilus which are incapable of hydrolyzing 



urea. in dairy products". 



the sDScifxation of which 



(check one) D is attached hereto; ■ 

0 was Pled pg September 15, 2QD0 as 

Appacadon No, ^CT/FR0002577 



aijd was amended on 



(if applicable) 

I HAVE REVIHWED AND UNDERSTAJ^ THE- CONTENTS OF THE ABOVE-IDENTIrlED SPECIHCATION, 
INCLtJDING THE CLAIMS. AS AMENDED BY ANY AMENDMENT REFERRED TO ABOVE; 

1 ACKNOV/LEDGE THE DXJTY TO DISCLOSE TO THE OFFICE ALL IlSfFORMATION KNO\W TO MB TO BE 
IvL^TERIAL TO PATENTABILITY AS DEFINED IN TITLE 37, CODE OF FEDERAL REGULATIONS, Sec. 1.56 
(as amended effective March 16, 1992); 

I do not know and do not believe the said invention was ever known or nstd in the United States of America before my ; 
or oui invention thereof, or patented or described in any printed pnblicadon in any country before my or our inveniion 
thereof or more than one year prior to said apphcatioa; that said invention wa£ not in public use or on sale in the United 
Stales of America more ^han one year prior to said application; that said invention has not been palenisd or made the 
subject of an iaveaior's certificate issued before the date of said application in any country foreign to the United States 
of Amenca on any application filed by me or my legal represeatauves or assigns more th£n twelve months prior to said 
application; 

I hereby claim foreign priority benefits under Title 35, United Siates Code Sec. 119 and/or Sec. 365 of any foreign 
applicationCs) for patent or inventor's cerdficaie as indicated below and have also identified below any foreign 
application for patent or inventor's ceitiBcate on this invention having a filing date before that of the application(s) on j 
which priority is claimed' " . * j 
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COWIBIWED DECLARATION AND POWER OF ATTORNEY 



Accomey's Docket No. 



COUNTRY^NTERNATIONAL 



FRANCE 



APPLICATION NUMBER 



99 11 677 



DATE Or FILING 
(day, month, ysar) 



PRIORITY 
CLAIMED 



YESj_NO_ 
YES^ NO. 



JplioatioTis directed to said inveaaoii: 



William L- Madas 
.RobsrtS. Swecker 
P)atoa N. Mandros 
Bsnmn S. I>uffett- Jr. 
iNdrnan K. Sepao 
Rdnsld L. Grudzisdd 
Frederick G. Mjchzod. Jr. 

Regis E. Slufecr 
Samuel C. Mfller. HI 
Rober-.G. Mttfcal 
GedrzE A. HDvancc. Jr. 
James A. LaBarre 
E. Joseph Gess 



17,337 

19,885 

22.124 
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26.003 
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27,360 

28,531 

22,223 
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R. Danny Hunrinscon 
Eric H. V/eUblait 
James W. Peterson 
Teresa Stoiek B^a 
Robert E. Krrta 
^^iiliam C. Rowland 
T. Gens DillalMinty 
Patrick C Keane 
B. Jefferson Boggs. Jr. 
William H. Benz 
Petsr K. Slflff 
Richard I- McGt^* 
Maflhev; L. Sdmeidsr 
Michael G. Savage 



27,903 
30.505 
26,Q57 
3QA27 
25,885 
30,888 
25,423 
32, £58 
32.344 
25,952 
31.917 
29.195 
32,814 
32,596 



Gcrald'F. Swiss 
Charles F. Wicland HI 
Bruce T. Wiedtr 
Todd R. Walters 
Rjonci S. JiUions 
H^ld R. BrOTnLUl 
AUenR. Bsum 
Steven U. duBois 
Brian P O'Shaugbmssy 
KsnatthB. LefSsr 
pted W. Hathaway 



30.U3 
33.096 
33.B15 
M,040 
31,979 
36,341 
36,086 
35,023 
32,747 
36,075 
32.236 



2iS3S 



Nonnan H, Stepao, Esquire 

BURNS, DOA>TE, S^^CESR & MATKIS, 

P.O. Box 1404 

Alexandria, Virginia 2231M404 



L.L.P. 



and: l^lorman H.-St&t7ao~": 
Addr-'ss all'conespondence to: 

i 21839 ^ ^ at (703) 836-6620. 

Adtiiess an.i:eicu___ stateinenis made on infonnauon 

_^ ■■ , ''^^ I DATE ft. ^ 



AT^ ^-MarJle SEPULCHRE 
P^EDENCE 



SIGNATURE 




1 

\ - 



11, rue Koreau Ctiaumier 
37550 SAXEEr ASlEim " FRAJtCE 
The same as above 



aXIZENSHIP 
French 



l^OSTOFRCSADDRESS 

j Chris tophe KOmET 
j RJESIDEMCE 



SIG"nATURS 



■"69, rue Jacques Uurand 
FRANCE - 



78370 PLAISXR - 



Hrench 



DA.TE 



POST OFFICE ADDRESS 3^0^,^ 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY PATENT APPLICATION 



AtEomey's Docks: No. 



As a below-named inventor, I hereby declare that: 



My residence, post offic^e address and citizenship are as stated below next to my nanie; 

I BELIEVE I AM THE ORIGINAL, FIRST AND SOLE INVENTOR (if only one name is Usted belo\v) OR AN 
ORIGINAL, FIRST A.ND JOINT INVENTOR (if more than one name is iisted below) OF THE SUBJECT MATTER 
WmCH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE mVENTION ENTITLED: 

"Use of strains of streptococcus thermopliilus which are incapable of hydrolyzing 



urea in dairy products". 



the specincation of which 



(dieck one) is aciached hsreca; - 

H was Bled on September 15, 



2000 



AppHcaiion No, 



PCT/FR0002577 



and was amended on . ; 

(if applicable) 

I HAVE REVmVv^D AND UNDERSTAND THE- CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, 
INCLUDING THE CLAIMS, AS .^IvlENDED BY ANY AMENT)MENT REFERRED TO .^lBOVE; 

I. ACKNOWLEDGE THE DUTY TO DISCLOSE TO THE OFFICE ALL INPORlvL^TIOK KNOVW TO ME TO BE 
MATERIAL TO PATENTABILITY AS DEFINED IK TITLE 37. CODE OF FEDERAL REGULATIONS.. Sec. 1.56 
(as amended effective March 16, 1992); 

I do not know and do not believe the said invention was ever known or used in the United States of America before my 
or our invention thereof, or patented or described in any printed publlcauon in any country befoie my or our iavsntiou 
thereof or more than one year prior to said appUcation; that said invention was not in public use or on sale in the Uniied 
St2lcB of America more than one 3/ear prior to said application; that said iavenuon has not been patented or made me 
subject of an invenxor's certificate issued before the date of said applicaiion in any couniry foreign to the United States 
of America on any application filed by me or my legal representatives or assigns more than t7/eivt months prior to said 
application; 

I hereby claim foreign priority benefits under Title 35, United Siaies Code Sec. 119 and/or Sec. 365 of any foreign 
appiicatioriCs) for paient or inventor's csnificaie as indicated below and have also identined below-" any foreign 
■ application for paient or inventor's certificate on this invention having a filing date before that of ihe applicatian(s) on 
which priority is claimed: ' / - 
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COIVIBiWED DECLARATION AND POWER OF ATTORNEY 



Attorney's Docks: No. 



COUNTRY/INTERNATIONAL 



APPLICATION NUMBER 



DATE OF FILING 
(day, monih, year) 



PRIORITY 
CLAIMED 



JUAMCE 



99 11 677 



YES X NO_ 



I bsxeby appoint the foUowing attorneys and agent(s) to prosecute said application and to traasact al] biiiiness in the Patent 
and Trademark Office connected therewith and to file, prosecute and to transact aJi busiaess in coimecuon v/ith intematiGnEl 
applications directed to said invention: 



William L. Mathis 


17.337 


R Darmy Hiindiigion 


27,903 


Gerald r- Swiss 


30,U3 


Rdben S . Sweckar 


19.S85 


Erit H. Weisblaa: 


30,505 


Charles F. Wieland in 


33,096 


Plaion N. Mziidros 


22.124 


Jaia^s W. Psifirsoil 


26,057 


Bruce T. Wieder 


33,SX5 


Bsnton S. DnfSnt. Jr. 


22.030 


Teresa Stanek Rea 


30,427 


Todd R- Waiters 


34,040 


Nonnan H- Stspno 


a2,7l6 


Robert E. Krsbs 


15.835 


Rdhol S. JflUons 


31,979 


Ronald L. Gnidziecki 


24.970 


WUliam C. Eowlaad 


30,8&B 


Harold R. Brawa m 


36,341 


Frederick G. Miciiaud. Jr 


26,003 


T. Gens Dillahunty 


23.423 


ABgn R. BauTO 


36.0S6 


Alan E. Koptcki 


25,813 


?arrick C Kenne 


32,858 


Steven M. duBois 


35,023 


Reeii E. Sluiter 


26,999 


B. Jefferson Boggs, Jr. 


32,344 


BriaB P. O-'Shaughaessy 


32,747 


SamtM! C. MiUer. TIT 


27.360 


Willmm H. Bcnz 


25,952 


KsncediB. Lcffier 


36,075 


Robert G. Mukai 


28,531 


PstsrK. Skiff 


31.917 


Fred W. Hathawas' 


32.236 


GeOTgs A Hovanec, Jr. 


2fi,223 


Rjcnard L McGrafli 


29,195 






Jan«s A, LaBaxre 


28,632 


Matthew L. Schn&idsr 


32.8K 


lliiillltitl 
21S3S 


1 


E. Joseph Gess 


2a,510 


Michael G. 5&va^ 


32^96 





and; Konnan H. Steono 



Address all correspondence to: 



21839 

Address all telephone calls to: , 



Norman H. Scepno, Esquixe 

Burns, Doane, Stocker &. Mathis, L.L.p. 

P.O. Bos 1404 

Alexandria, Virginia 22313-1404 



at (703) 836-6620, 



I hereby declare diat all statemenxs niade "herein of my own kaowledge are crue and that all statements made on information 
and belief are believed to be true; and farther that these SLatements were made with the knowledge that willful false ^te- 
meats and the like so made are punishable by fine or unprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful faise siaiements may jeopardize the validiiy of the applicanon or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR 
Anne-Marie SEPULCHRE 



SIGNATURE 



DATE 
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DATE 
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